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CONVERSION FACTORS

For those readers who may prefer metric (SI) units rather than inch-
pound units, the conversion factors for the terms used in this report are
listed below:

Multiply By To obtain
feet 0.3048 meters
ft/s (feet per second) 3.048 m/s (meters per second)
ft3/s (cubic feet per 0.02832 m3/s (cubic meters per
second) second)
inches 25.4 millimeters
1b (pounds) 0.4536 kg (kilograms)
miles 1.609 kilometer
mi? (square miles) 2.590 km? (square kilometers)
tons 0.9072 Mg (megagrams)
ton/d (tons per day) 0.9072 Mg/d (megagrams per day)
pymho/cm at 25°C (micromhos 1.000 uS/cm at 25°C (microsiemens
per centimeter at 25° Celsius) per centimeter at 25° Celsius)

Additional abbreviations used:

col/100 mL - colonies per 100 milliliters
mg/L - milligrams per liter

mL - milliliter

AGP - algal growth potential

BOD - biochemical oxygen demand

COD - chemical oxygen demand

DO - dissolved oxygen

DOC - dissolved organic carbon

ROE - residue on evaporation

rm - river mile

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic
datum derived from a general adjustment of the first-order level nets of
both the United States and Canada, formerly called mean sea level.
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DESCRIPTION OF STUDY AREA

The Mammoth Creek study area in Mono County is about 360 miles
northeast of Los Angeles (fig. 1). The study area is bounded on the
north by Lookout Mountain, Deer Mountain, Dry Creek drainage, and Owens
River; on the west by Minaret Summit, Mammoth Mountain, and Mammoth
crest; on the south by Mammoth crest, and Duck Lake; on the southeast by
Bloody Mountain, Laurel Mountain, Convict Lake, and Convict Creek drainage;
and on the east by Long Valley. The study area comprises 85.5 mi? of
prime mountain recreational land. From its headwaters to the junction
with Hot Creek, Mammoth Creek is approximately 15 miles long, and from
there Hot Creek runs 7 miles to the Owens River. The altitude of the
creek ranges from 10,960 feet in the headwaters at the drainage divide
to 6,840 feet at the junction with Owens River (fig. 4).

Mammoth Creek joins Hot Creek below the Hot Creek Fish Hatchery.
Hot Creek, which is fed by waters from four major springs, serves as the
major water supply for the fish hatchery. After circulation through the
hatchery, the water is discharged to Mammoth Creek, which then becomes
Hot Creek.

The average annual air temperature in the study area for the last
10 years has been about 5.6°C with high temperatures of about 32.2°C and
low temperatures of about -29.4°C. Total precipitation averages about
10 inches per year, although with a study-area altitude greater than
7,000 feet, most of the precipitation occurs as snowfall. Because the
lakes in the area usually freeze over each year and snowfall is the
dominant form of precipitation, most of the runoff occurs during the
spring as a result of snowmelt. The Mammoth area is also often subject
to high winds, especially in the afternoons.

DATA COLLECTION

Sample Collection

Water samples for field measurements and laboratory analyses were
collected at the sites shown in figure 1 according to U.S. Geological
Survey standard methods. With the exception of below Lake Mamie and
between Twin Lakes, all sites were wadable for both sample collection
and streamflow measurement. A handheld depth-integrating sampler (DH-
48) and the equal-width-increment (EWI) method were used for sample
collection. Water from the sampler was composited into a churn splitter
prior to processing. Samples for bacteria were collected in sterilized
glass bottles. Samples for DOC (dissolved organic carbon) were collected
in glass bottles that were baked at 350°C to remove organics.

Description of Study Area 5
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Field and Laboratory Methods

Field determinations of specific conductance, water temperature, DO
(dissolved oxygen) concentration, and pH were made according to standard
U.S. Geological Survey procedures. Alkalinity was determined in the
field using the method of electrometric titration to a pH of 4.5. Tests
for fecal-coliform and fecal-streptococcal bacteria were performed
according to methods specified in Greeson and others (1977). Samples
for laboratory analysis were sent to the U.S. Geological Survey's
Central Laboratory at Arvada, Colo. Methods for analysis of most
constituents are as specified in Skougstad and others (1979).

Site Selection

Prior to the reconnaissance, tentative sampling sites were selected
from U.S. Geological Survey topographic maps. This initial site selection
was made on the basis of features such as lakes, major gradient changes,
land use, and tributary inflow. At the start of the reconnaissance, a
survey of the area was used to confirm, add to, or subtract from the
tentative list of sites. The chosen sites are given in table 1.

Sampling Program

Samples were collected at the reconnaissance sites to determine the
following constituents:

Chemical oxygen demand

Nitrogen, dissolved NO, + NO3 as nitrogen

Nitrogen, dissolved ammonium as nitrogen

Nitrogen, total ammonium + organic nitrogen as nitrogen

Phosphate, dissolved ortho as phorphorus

Phosphorus, dissolved

Phosphorus, total

Residue on evaporation at 180°C

Data Collection 7



TABLE 1. - Mammoth Creek and Hot Creek site location and
altitude information

River mile,

Distance cumulative
from downstream distance

site, from confluence Altitude,
Site in miles with Owens River in feet

Mammoth Creek
at trailhead 0.8 19.9 9,200
above Lake Mary .8 19.1 8,960
below Lake Mary .3 18.3 8,880
below Lake Mamie* .7 18.0 8,880
between Twin Lakes* .3 17.3 8,570
below Twin Lakes 1.1 17.0 8,560
above 0ld Mammoth 1.4 15.9 8,000
at Sherwin Creek Road 3.9 14.5 7,840
at Highway 395 3.5 10.6 7,200
above Hot Creek 0 7.1 7,040

Hot Creek

below hatchery 1.8 7.1 7,040
at hot springs 1.5 5.3 6,960
below hot springs at crossing 3.8 3.8 6,925

*Spring sampling only.

An additional set of samples for nutrient analysis was collected
over the weekend at each of the sites. The purpose of this set of
samples was to determine any immediate effect of weekend recreational
use on water quality in the Mammoth Creek-Hot Creek system. Unfortunately,
by the date that the reconnaissance was performed, recreational use in
the Mammoth Lakes area had dramatically tapered off so that the weekend
sampling did not meet its objectives.

8 Data Collection



Field measurements for the determination of DO concentration,
specific conductance, pH, and temperature were made at each site. An
attempt was also made to determine, at least to a limited degree, the
biological productivity of the aquatic system. DO concentration was
measured at selected sites in the early morning, when percent saturations
are probably low after a night of respiration and again in the afternoon
when photosynthetic activity is at or near its peak. The DO percent-
saturation levels can help to pinpoint areas of significant biological
activity.

The spring 1982 sampling was performed in May, when runoff from
snowmelt was close to its peak. Sites for the spring sampling were
similar to those of the reconnaissance except for the addition of two
sites: Mammoth Creek below Lake Mamie and Mammoth Creek between Twin
Lakes. Analysis for dissolved-organic carbon was substituted for COD
(chemical oxygen demand). Mineral analysis for major cation and anions
was added at selected sites where changes in the chemical composition of
the water were suspected. Nutrients analysis and field measurements
were the same as for the reconnaissance.

Samples were also collected at selected sites to determine algal
growth potential (AGP), which is reported as maximum standing crop in
milligrams dry weight algae per liter. The technique is described by
Greeson and others (1977): "A 100 mL aliquot of a water sample is field
filtered and placed in a covered Erlenmeyer flask. This sample is
innoculated with an appropriate number of algal cells of a known species
and incubated under constant temperature and light intensity until the
rate of growth is less than 5 percent per day." A particle counter is
then used to determine the maximum standing crop.

RESULTS AND DISCUSSION

The reconnaissance was performed in late summer, September 23-29,
1981, a time when many streams exhibit their poorest water quality.
Streamflow is usually at its lowest point of the water year, and the
lakes that compose the upper Mammoth Creek system (the area upstream of
and including the site below Twin Lakes) have received a summer of heavy
recreational use. With water temperatures at their maximum, DO saturation
levels are lower and BOD (biochemical oxygen-demand) rates higher than
at any other time during the year. If sufficient nutrients are available,
algae blooms occur and incorporate much of those available nutrients
into their cellular mass. High daytime photosynthetic activity and high
nighttime respiration can cause large fluctuations in DO concentrations,
which can cause stress to aquatic organisms such as fish.

Results and Discussion 9



The spring sampling was performed May 23-26, 1982, and presented a
different set of hydrologic conditions. The upper lakes were still
frozen, so that biological activity was minimal. DO saturation levels
were higher as a result of lower water temperatures. Little diel variation
in DO concentration was observed. Discharge resulting from snowmelt was
at or near its maximum, 24 ft3/s at the trailhead site compared to <5 ft3/s
during the reconnaissance, indicating that nutrient loads might be at their
maximum,

Mineralization

Considerable mineralization occurs in Mammoth Creek from the head-
waters to the junction with Owens River. No cation or anion determinations
were made for the reconnaissance, only specific conductance and dissolved
solids (residue on evaporation). Without the cation and anion concen-
trations, no statement can be made about the composition of the inflow to
Mammoth Creek and Hot Creek, only that the effect is to increase the mineral
content. Mineral content apparently increases in three reaches, as is shown
in figure 5 and table 2. 1In September 1981, specific conductance of the
water released from Twin Lakes increased 204 percent over that from Lake Mary.
Water entering Lake Mary via Mammoth Creek at the trailhead (rm 19.9) had a
specific conductance of 65 umho/cm at 25°C and a ROE (residue on evaporation)
of 38 mg/L; the water released from Lake Mary (rm 18.3) had a specific con-
ductance of 46 ymho. The discharge from Lake Mary enters Lake Mamie, a
shallow lake approximately 0.3 mile long, which in turn empties into Twin
Lakes. The specific conductance for the discharge from Twin Lakes was
140 pmho and the ROE was 78 mg/L.

The next major increase in mineral concentration occurs in the
reach between Highway 395 (rm 10.6) and the site upstream of Hot Creek
(rm 7.1). The specific conductance increased almost 87 percent, from
135 umho/cm at 25°C at Highway 395 to 252 umho above Hot Creek. The ROE
increased 130 percent from 87 to 200 mg/L. Specific conductance increased
118 percent in the reach between the fish hatchery (rm 7.1) and the hot
springs (rm 5.3). Specific conductance increased from 252 umho and a
ROE of 200 mg/L at the Mammoth Creek site upstream of the junction with
Hot Creek (rm 7.1) and 218 uymho and a ROE of 164 mg/L at the Hot Creek
below the hatchery site (rm 7.1) to 475 pmho and a ROE of 325 mg/L at
the hot springs (rm 5.3).

10 Results and Discussion
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FIGURE 5. — Specific conductance at selected sites on Mammoth Creek and Hot Creek, September 1981 reconnaissance,

and May 1982 spring high-flow sampling.
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During the May 1982 spring high-flow sampling, there was little
variation in the specific conductance at the upper Mammoth Creek sites,
from the trailhead (rm 19.9) to below Lake Mamie (rm 18.0), (fig. 5 and
table 3). The specific conductance was about 30 pmho. Results of
mineral analyses from samples collected at these sites showed little
variation in cation and anion concentrations (fig. 6 and table 4).

Water composition was predominatly calcium carbonate (table 4). The
first significant increase in mineral concentration, accompanied by a 52
percent increase of specific conductance, occurred in the reach from
below Lake Mamie (rm 18.0) to below Twin Lakes (rm 17.0). The largest
increase, about 510 percent, was in magnesium, which rose from 0.18 mg/L
to 1.1 mg/L. Other anions and cations increased between 26 and 125
percent, although sulfate and fluoride apparently did not increase.

The second major increase in mineral concentrations during the May
1982 sampling occurred between Highway 395 (rm 10.6) and the site above
Hot Creek (rm 7.1) (figs. 5 and 6 and table 4). Specific conductance
increased 86 percent, from 57 to 106 umho. One of the major compositional
changes was in the chloride ion concentration, which increased about 530
percent, from 0.38 mg/L to 2.4 mg/L (table 4).

The chemical composition of the springs forming Hot Creek differed
from the composition of the water in the upper reach of Mammoth Creek
(upstream from the site below Twin Lakes). Hot Creek had 21 percent
sodium, compared to 7-8 percent for upper Mammoth Creek (table 5).
Calcium, potassium, and magnesium also differed greatly in percent-ion
composition between upper Mammoth Creek and Hot Creek below the hatchery.
Specific conductance increased 60 percent from 106 pmho at Mammoth Creek
above Hot Creek to 170 umho at Hot Creek at the hot springs (table 3).
At Hot Creek below hatchery, immediately upstream from the junction of
Hot Creek and Mammoth Creek, specific conductance was 234 pmho, which
was 221 percent of the specific conductance at Mammoth Creek above Hot
Creek and 138 percent of the specific conductance of Hot Creek at the
hot springs. Water from springs near the hatchery makes up the flow at
Hot Creek below the hatchery. From Hot Creek at hot springs (rm 5.3) to
Hot Creek below the hot springs at the crossing (rm 3.8), specific
conductance increased by about 39 percent (170 to 236 umho) (table 3).
No samples for mineral analyses were collected below hot springs at the
crossing site.

Inspection of the data from the reconnaissance and the spring high-
flow sampling indicates that mineralization is occurring in the Mammoth
Creek-Hot Creek system. Evidence of mineralization included an increase
in specific conductance from the headwaters to the junction with Owens
River. Increases in the dissolved-solids concentration of Mammoth Creek
and Hot Creek from the sources of these creeks to their mouths resulted
from the inflow of water from geothermal areas. A downstream increase
in dissolved-solids concentration is a familiar pattern for many streams
that have their headwaters in mountain areas and that flow through an
urban area. Generally, the dissolved-solids increase in many of these

streams is from weathering or water use, not from geothermal springs.

Results and Discussion 13
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Geothermal activity is visible in the Hot Creek gorge, where there
are numerous fumaroles; it is also seen to a lesser degree in the reach
between Highway 395 and the fish hatchery (fig. 3). Geothermal springs
increase the dissolved-solids concentration in the stream water. This
increase was more evident in the reconnaissance than in the spring high-
flow sampling, because baseflow conditions provided less of a buffer to
the dissolved-solids increase than the high-flow (maximum discharge
observed was 200 ft3/s) conditions observed during the spring sampling,
which occurred at or near peak snowmelt runoff.

Water from snowmelt runoff in the upper reaches of the Mammoth
Creek drainage was primarily calcium carbonate. Water composition was
42.8 percent calcium and 44.5 percent bicarbonate at the site above Lake
Mary (table 5). The contribution by other ions is minimal. As has been
mentioned earlier, the first ionic concentration and compositional
changes in the water occur in Twin Lakes. The calcium decreases from
42.8 percent at the site above Lake Mary to 31.2 at the site below Twin
Lakes. Despite this percent decrease in one of the major ions, the
dissolved solids increased, as the increase in specific conductance, 30
uymho to 49 umho, indicates (table 4). Percent magnesium also increased
from 1.9 (above Lake Mary) to 7.8 (below Twin Lakes).

The changes in ionic composition between the two sites appears to
represent a trend that culminates at the junction of Mammoth Creek and
Hot Creek: (1) A gradual decrease in the percent of calcium, (2) an
increase in the percent of magnesium and sodium, and (3) fluctuation but
overall increase in percent of fluoride, sulfate, and chloride. These
changes seem to produce a water quality in Mammoth Creek similar to that
of the springs that form Hot Creek, as indicated by the ionic composition
of water from Hot Creek below the hatchery site (tables 4 and 5). The
water quality of Mammoth Creek is apparently influenced by numerous
thermal springs, possibly as far upstream as Twin Lakes. The increase
in mineral content observed in Mammoth Creek is, therefore, the result
of the inflow of water from geothermal areas. The concentrations of
measured constituents are well below recommended limits for the beneficial
uses stated for those streams and therefore have no negative impact.
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Eutrophication

Dissolved Oxygen

DO concentration and percent saturation can be an excellent indicator
of the eutrophic state of a stream or lake. Figure 7 shows the DO
concentration and percent saturation during September 1981 at selected
sites on Mammoth Creek and Hot Creek. DO measurements shown in this
figure were made concurrent with sampling for chemical analysis, and
therefore the measurement time was different at each site, ranging from
0830 hours to 1800 hours. DO concentration and saturation varies throughout
the day and from day to day depending upon a number of factors including
biological activity, temperature, cloud cover, and barometric pressure.
Ideally, measurements are made simultaneously at all sites--a synoptic
survey--eliminating some of these variables and providing a true comparison
from site to site. Funding and manpower constraints often prohibit the
synoptic approach, so that comparisons are made between sites for
measurements made at different time and even on different days. This
type of data can nevertheless provide insight into the level of biological
activity and other processes occurring at each site. Although DO
concentration is the measured constituent, percent saturation is a
better indicator of productivity in the aquatic system. DO percent
saturation is the ratio expressed in percent between the measured DO
concentration and the theoretical DO concentration of the water at 100
percent saturation. The DO concentration at 100 percent saturation is
regulated by the temperature of the water, the barometric pressure, and
the salinity.

During the reconnaissance, the three upper Mammoth Creek sites, at
the trailhead (rm 19.9), above Lake Mary (rm 19.1), and below Lake Mary
(rm 18.3), showed equivalent percent saturations, ranging from 105 to
101, whereas the DO concentration ranged from 10.1 mg/L below Lake Mary
to 11.4 mg/L above Lake Mary (fig. 7). The first noticeable change
occurred below Twin Lakes (rm 17.0), where the DO concentration was
15.4 mg/L and the saturation was correspondingly high at 147 percent. The
next major change was the decrease in DO concentration for the morning
measurement of 7.0 mg/L at Hot Creek at the hot springs (rm 5.3). The
water, nevertheless, was close to saturation at 92 percent. Hot Creek
below the hot springs at the crossing (rm 3.8) showed the highest saturation
level at 200 percent for a DO concentration of 14.2 mg/L.

Comparison of measurements of DO concentration and percent saturation
in the morning and afternoon can indicate the productivity of the aquatic
community. Figure 8 shows the DO concentration and percent saturation
for morning and afternoon measurements made at selected sites on Mammoth
Creek and Hot Creek. The morning samples were collected before to just
after sunrise and probably represent the effects of nighttime respiration
(uptake of oxygen by aquatic plants and animals) and the afternoon sample
the effects of photosynthesis (production of oxygen by aquatic plants).

Results and Discussion 19
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The most upstream site, Mammoth Creek at trailhead (rm 19.9),
showed little variation in DO saturation, only increasing from 95 to
97 percent. The first major change was at the site below Twin Lakes
{(rm 17.0) where DO concentration increased from a morning low of
10.6 mg/L at a saturation of 95 percent to 13.3 mg/L at a saturation
of 123 percent. The next two sites, Sherwin Creek Road (rm 14.5) and
Highway 395 (rm 10.6), showed little variation in percent saturation.
Mammoth Creek above Hot Creek (rm 7.1) had a large morning-to-afternoon
variation in DO saturation, increasing from 83 to 129 percent as the DO
concentration changed from 9.2 mg/L to 11.6 mg/L. At Hot Creek below the
hatchery, DO saturation increased from 65 to 100 percent while the DO
concentration increased from 6.6 to 9.5 mg/L. Hot Creek at the hot springs
(rm 5.3) showed the largest variation in DO saturation, increasing from
92 percent to 146 percent. DO concentration increased from 7.0 mg/L to
9.9 mg/L.

For the spring high-flow sampling, DO saturation levels in the
upper reaches of Mammoth Creek ranged from a low of 95 percent below
Lake Mary, DO concentration 11.0 mg/L, to a high of 114 percent above
Lake Mary, DO concentration 13.0 mg/L (table 3). From between Twin
Lakes to below Twin Lakes the DO saturation increased from 104 percent
to 115 percent while the DO concentration increased from 10.3 to
10.8 mg/L. For Mammoth Creek, the site above 0ld Mammoth (rm 15.9)
exhibited the highest DO saturation level for the spring sampling,

128 percent at a DO concentration of 11.8 mg/L.

DO saturation levels were lower at the next two downstream sites
(fig. 9), although at Highway 395 the measurement was made at 0805
hours. The Mammoth Creek above Hot Creek site (rm 7.1) and the Hot
Creek sites reflect the effect of increased temperature (table 3) from
thermal activity on DO concentration. Although DO saturation levels
were all above 100 percent for these sites, DO concentrations were below
10 mg/L (fig. 7). Hot Creek at hot springs (rm 5.3) had the highest DO
saturation of all sites for the spring sampling, 136 percent at a DO
concentration of 9.5 mg/L. DO saturation for Hot Creek below hot springs
at the crossing (rm 3.8) might have exceeded this if an afternoon
measurement had been made. A morning measurement showed 112 percent
saturation at 8.4 mg/L of DO.
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TABLE 6. - Field observations of lakes during September 1981 reconnaissance
and during May 1982 spring high-flow sampling

Lakes Observations

September 1981

Lake Mary - Water in lake is clear, no aquatic vascular plants or
algae visible. Tributary from Lake George had white-
brown algae on rocks. Sewage spills occurred in spring
and in August 1981.

Lake Mamie - Free of aquatic vascular plants and algae. Release is
regulated with discharge to Twin Lakes down a 320-foot
drop.

Twin Lakes - At least 20 percent of surface are<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>